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Pegasus current measurements carried out along a section located off French 
uiana are presented; the section was repeated five times from September 1989 
to June 1991 during the NOE (region Nord-Ouest équatoriale)/STACS (Sub 
Tropical Atlantic Climate Studies) cruises on board the NOAA (National Ocea- 
nographic and Atmospheric Administration) research vessels. The data (vertical 
and horizontal distributions) show, as suggested by earliest observations, the pre- 
sence of different currents. At the surface, and in winter, the North Brazil Cur- 
rent (NBC) flows northwestward (positive), is strong (120 cm/s), confined in the 
first 250 m, coastally trapped (within 250 km) and fed by offshore waters; in 
summer the NBC strengthens (the velocit increases to 150 c d s ) ,  vertically 
extends (down to SOO m) and veers offshore; the mean NBC mass flux computed 
from all the sections available is 34 * 9'Sy-with absolute maximum and mini- 
mum respectively in September 1989 (81 * 4 Sv) and February 1990 (13 rt 1 Sv). 
Subsurface, a southeastward (negative) undercurrent (herein after named Wes- 
tem Boundary Undercurrent) is present in winter-spring and located in the layer 
250-500 m with similar velocities in February 1990 (- 33 cnds) and June 1991 
(- 29 c d s )  but with largest vertical and horizontal extensions in the latter case; 
in summer (September 19S9 and September 1990) this undercurrent is absent ; 
the mean WBUC mass flux is - 9 i 3 Sv ; the maximum is observed in June 1991 
(- 19 5 2 Sv) and the minimum in February 1990 (- 3 i 0.4 Sv) and January 1991 
(- 5 t- 1 Sv). Deeper, the equatorward Deep Western Boundary Current is trapped 
against the continental shelf (within 100 km of the shelf break), extends 
downward from 1 200 to 3 O00 m depth with the velocity core centred in the 
1 700-2 O00 m layer, is maximum (- 50 c d s )  in spring-summer and minimum 
(- 23 cm/s) in winter; the absolute velocity (- 92 c d s )  has been recorded at 
2 O00 m depth in September 1989 suggesting a strong variability at this level; the 
mean equatorward DWBC mass flus is - 30 f 14 Sv with absolute maximum and 
minimum respectively in September 1989 (- 59 f 6 Sv) and September 1990 
(- 7 f 1 Sv). The Integrated Mass, Temperature and Salt Fluxes (IMF, ITF and 
ISF) with the cumulated errors, computed across the whole section and down to 
3 O00 m depth for the September 1990, January 1991 and June 1991 cruises, are 
all positive in September 1990 (respectively 1.9 f 19 Sv, 3.1 f 30.1 PW and 
74 2 1 S45 Tus) but all.negative both in January 1991 (- 13.3 f 17.0 Sv, - 15.6 f 
26.5 PW and - 478 2 1594 Tus) and June 1991 (- 3.8 i 10.1 Sv, - 4.0 i 16.3 PW, 
- 130 2 989 Tus) showing a strong variability between the summer and winter 
periods. The mean IMF, ITF and ISF values (respectively - 5.1 f 46.4 Sv, - 5.2 f 
73 PW and - 178 f 4428 Tus) are high and negative, indicating the large influen- 
ce of the DWBC and the associated North Atlantic Deep Water (upper part) off 
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&SUMÉ Les courants limites de bord ouest et les transports associés au 
large de la Guyane française déduits des observations Pegasus 
Des observations de courant effectuées au Pegasus en face de la Guyane françai- 
se de 1989 2 1991 ont permis une approche des variabilités intra-annuelle et 
inter-annuelle associées aux courants limites de bord ouest. Ces courants, en 
dépit de leur très grande importance pour les échanges inter-hémisphériques, tant 
en surface, subsurface que profondeur, avaient été paradoxalement peu étudiés 
entre l’équateur et la latitude SON. Dans cet article sont présentés les résultats de 
courant obtenus le long d’une radiale située en face de Cayenne et occupée en 
septembre 1989, février et septembre 1990, janvier et juin 1991 dans le cadre du 
Vrogramme conjoint franco-américain NOE (région Nord-Ouest 
Equatoria1e)lSTACS (SubTropical Atlantic Climate Studies) à bord de navires 
océanographiques de la NOAA (National Oceanographic and Atmospheric 
Administration). Ces résultats, en accord avec les mesures obtenues antérieure- 
ment (dérive des bateaux marchands et trajectoires des bouées dérivantes 
SEQUALROCAL), montrent la présence en surface du Courant Nord Brésilien 
(CNB), portant au nord-ouest (positif) et caractérisé par une variabilité intra- 
annuelle marquée : en hiver boréal, le CNB est fort (120 c d s ) ,  confiné dans les 
250 premiers mètres, collé à la côte (distance n’excédant pas 250 km dela pente 
du plateau continental) et alimenté par les eaux du large ; en été, ce courant 
s’intensifie en surface (150 c d s ) ,  a une extension verticale plus importante 
(0-800 m) et subit une G rétroflexion >> vers le large suite au déplacement vers le 
nord de la Zone InterTropicale de Convergence des Alizés ; le flux moyen de 
masse associ6 au CNB et calculé sur l’ensemble des campagnes est de 34 1 9 Sv, 
les flux maximum et minimum étant observés respectivement en septembre 1989 
(81 14 Sv) et février 1990 (13 k 1 Sv). En subsurface, les résultats montrent la 
présence en hiver et au printemps d’un Sous-Courant de Bord Ouest (SCBO), 
portant au sud-est (négatif) dans la couche 250-800 m, avec des vitesses compa- 
rables en février 1990 (- 33 c d s )  et en juin 1991 (- 29 c d s )  ; c’est la première 
fois qu’un SCBO est observé dans cette aire océanique ; ce courant est absent en 
été (septembre 1989 et 1990) ; le flux de masse associé à ce sous-courant est 
maximum en juin 1991 (- 19 rfI 2 Sv) et minimum en février 1990 (- 3 1 0,4 Sv), 
le flux moyen calculé sur l’ensemble des campagnes étant égal à - 9 1 3 S.V. Aux 
grandes profondeurs, le Courant Profond de Bord Ouest (CPBO), portant égale- 
ment au sud-est, est collé à la côte (distance n’excédant pas 100 km de la pente 
du plateau continental), situé dans la couche 800-4 000 m avec un noyau de 
vitesse centré entre 1 700 et 2 O00 m de profondeur, maximum en été (- 50 c d s )  
et minimum (- 23 cm/s) en hiver ; le  maximum maximorum de vitesse 
(- 92 c d s )  a été enregistré en septembre 1989 à l’immersion 2 O00 m ; la 
moyenne du flux de masse associé au CPBO sur l’ensemble des campagnes est 
de - 30 zk 14 v, ce flux étant maximal en septembre 1989 (- 59 1 6 Sv) et minimal 
en septembre 1990 (- 7 k 1 Sv). 
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Les Flux Intégrés de Masse, de Température et de Sel (FIM, FIT et FIS) et les 
erreurs cumulées associées ont été calculés sur toute la section (de la surface 
jusqu’à l’immersion 3 O00 m) pour les radiales de septembre 1990, janvier 
1991 et juin 1991. Ces flux sont positifs (vers le nord-ouest) en septembre 
1990 (respectivement 1,9 r4 19 Sv, 3,l zk 30,l PW et 74 -t- 1 845 TVs) et néga- 
tifs (vers le sud-est) en janvier 1991 (- 13,3 k 17,O Sv, - 15,6 -t- 26,5 PW et 
- 478 f 1 593 Tus) et juin 1991 (- 3,s 1 10,l Sv, - 4,O zk 16,3 PW et - 130 zk 
989 TVs); ces résultats suggèrent la présence d’une variabilité marquée entre 
l’été et l’hiver. Les flux intégrés moyens de masse, de chaleur et de sel (respec- 
tivement - 5,l f 46’4 Sv, - 5.2 zk 73 PW et - 178 zk 4 428 TVs) sont négatifs, 
soulignant l’importance des courants de sud-est et du maximum de salinité de 
l’Eau Profonde de l’Atlantique Nord (partie supérieure) en face de Cayenne. 
Oceanologica Acta, 1994.17, 2, 143-157. 
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mTRODUCTION 
Oceanic heat flux has been shown to be an important com- 
ponent of the global energy balance (Vonder Haar and 
oort, 1973). This heat flux is maximum at subtropical lati- 
tudes in the North Atlantic and the northward transport is 
mainly supported by low-latitude westem boundary cur- 
rents (Bryden and Hall, 1980). It has moreover been 
shown (Csanady, 1985; Johns et al., 1990) that these boun- 
d q  currents also play an important role in the recircula- 
tion of both the equatorial current system and the dyna- 
mics of the thermolialine circulation (below 1 O00 m 
depth). Richardson and McKee (1983) found, from month- 
ly mcan merchant shipdrift distributions in the equatorial 
Atlantic, two different surface coastal flow patterns: 1) in 
boreal winter, when the Northeast trade winds regime pre- 
vails, a continuous western boundary current, Xortlï Brazil 
Current (NBC) and Guiana Current (GC), flowing from 
the equator to the Caribbean Sea; 2 )  in boreal summer. the 
retroflection off French Guiana of a part (Y3 according to 
Csanady, 1985) of the NBC, feeding now the North Equa- 
torial Countercurrent [NECC); this phenomenon occurs 
under the Southeast trade Winds regime following the nor- 
thward displacement of the InterTropical Convergence 
Zone (ITCZ) in May-June. This seasonal northwestern 
equatorial surface current scheme is, however, tempered 
by the SEQUAL (SEasonal eQUatoria1 AtLantic adjust- 
ment)/FOCAL (programme Français Océan Climat en 
zone équAtoriale AtLantique) drifter trajectories obtained 
in 1983 and 1981 in this area (Richardson and Reverdin, 
1987). If the agreement between the shipdrift and the buoy 
trajectories is quite good in boreal winter. in summer all 
the drifters veer seaward off Cayenne, inducing a cut-off in 
the coastal current system north of 6"N. Are these two 
schemes contradictory or simply the effect of an interan- 
nua1 variability at that time'? Subsurface. the northwestern 
equatorial circulation (to the south of 3'N) was first infer- 
red from hydrological and oxygen distributions (hletcalf 
and Stalcup. 1967; Cochrane et al., 1979) and later on 
from direct current observations (Flagg et al., 1986; Johns 
et al., 1990). All these observations show a permanent 
subsurface retroflection phenomenon in this area. North of 
3"N, Schott and Böning (1991) reported the existence of 
the equatorward Western Boundary Undercurrent 
(IWUC). "more from indications than from observations". 
Is this undercurrent real, pemianent or only present for a 
part of the year north of 3"N? Deeper, in the 1 000- 
3 O00 m layer, the presence of the equatorward Deep Wes- 
tem Boundary Current (DWBC) was inferred at 26'30 N 
from geostrophy and freon 11 distributions [Fine and 
Molinari, 1988) and observed there later on from direct 
current measurements (Lee et d., 1990). The offshore 
deep mooring measurements carried out further south at 
8"30 N-52'09 W (Johns et al., 1990) surprisingly show no 
indications of this deep equator\vard flow not at 2 O00 m 
depth, but much deeper (below 3 SOO m depth). Is the 
DWBC absent at that latitude or are its width and Jelocity 
core there respectively smaller than the mooring offshore 
distance and deeper than the one observed further north? 
To improve the description of the variability (seasonal and 
year-to-year evolution) of this complex flow pattem at a11 
depths in that area, Pegasiis current nieasurements were 
carried out off French Guiana from 19S9 to 1991. Indivi- 
dual (for each main current NBC, WUBC and DVI'BC) and 
integrated (across the whole section) mass fluxes and tem- 
perature and salt transports have been evaluated. The paper 
is organized as follows: technology and data are first pre- 
sented, then the current results with associated and integra- 
ted transports are described. followed by discussion, a 
summary and the conclusions. 
TECHNOLOGY AND DATA 
The Pegasirs is an acoustically tracked, free-falling profiler 
of horizontal current components (Spain er al., 1951). The 
instrument used in this work is manufactured by Benthos. 
The !O khz Peganrr transducer interrogates every sixteen 
seconds two fixed acoustic Benthos transponders deployed 
on the ocean floor in the direction of the mean current. 
Each transponder responds at its own frequency, setting in 
the range 11.5-13.0 Khz. The Peyasiis records the acoustic 
travel times from the two transponders, together with tem- 
perature and pressure. During che cast, the instrument des- 
cends by the use of additional weights which are released 
either by a bottom trip mechanism or by a pressure release 
at a preassigned pressure (generally 3 O00 dbar during this 
experiment). The mean vertical Prgasirs speed is around 
45 c d s .  At each station, the unique geometry of the trans- 
ponder positions is obtained through an acoustic survey of 
the bottom units. A mean sound velocity profile, drawn 
from a Niel Brown CTD profile carried out at the same 
location during the Peg~zsiís cast, is used to convert the 
acoustic travel times (seconds) into distances (metres). The 
horizontal coordinates at each pressure level are then 
determined and the horizontal velocity components com- 
puted. The data processing is performed on board with an 
IBM PC using a software provided by Benthos and impro- 
ved by P. Vertès from the University of Miami. Previous 
operations showed the ability of such an instrument suc- 
cessfully to record ocean western boundary currents (Lea- 
man er al., 19S7). 
We present here the Pegusiis observations made along a 
section located in front of Cayenne and repeated five times 
(September 1989, February 1990, September 1990, Janua- 
ry 1991 and June 1991, hereinafter referred respectively to 
as S89, F90, S90, Ja91 and Ju91) during the N0.4A 
(National Oceanographic and Atmospheric Administra- 
tion) STACS (SubTropical Atlantic Climate Studies) 
cruises. The Pegasits section contains seven stations [NC2 
to NCS (fig. l)]. The characteristics (time deployment, 
positions and depths of the acoustic transponders, length 
and orientation of the base line ...) are summarized in 
Table 1. The data are reported in Colin et al. cl991 ( I  and 
1992 u). The N16 STACS Pcgasiis station at 10" N-49"02 
W (the farthest station of the section) has been included in 
this study (courtesy of K.Leamanl. Other direct current 
measurements (free-falling current profiler sliding along a 
vertical taut wire attached to a free-drifting surface float 
positioned by GPS) associated with hydrological observa- 
tions carried out during the NOE (Ctude de la région Nord- 
Ouest Équatoriale atlantique) programme on board the 
C. COLIN, B. BOURLÈS 
146 
- 
I 
L.  
I 
l 
I 
I '  
-64MW d2w daw 4 W  4 J X W  
LONGITUDE 
Figure 1 
Geographical positioris of the NOE/STACS current Pegasus stations 
along the "Cayenne" line from I989 to 1991. 
Position gkographique des stations Pegasus effectuées le long de la radiale 
M Cayenne D dans le cadre du programnie NOUSTACS de 1989 à 1991. 
ORSTOM R.V. "Aizdi-e' Nìzery" (Colin et al., 1990 and 
1991 b), at the same period of [ime as the STACS pro- 
gramme, will be referred to in this paper. Recent satellite 
drifter trajectories obtained from October 1990 to February 
1991 (courtesy of W. Brown) will complete the description 
of the seasonal variability of the currents. 
Table 1 
Pegasus station characteristics. 
The velocity measurement errors (Leaman and Vertes, 
1983; Leaman et al., 1987) are estimated from the inaccu- 
racy of: the length (k 10 m) and orientation.(* 3") of the 
transponders baseline, the depth (k 5 m) of the transpon- 
ders, the Pegasus instantaneous depth (* 2 m) and the fal- 
ling (or ascent) Pegasus rate (k 0.5 cm/s). The velocity 
measurement errors rarely exceed 15 % of the raw velocity 
values. When velocity values are missing at a station, they 
are either interpolated (between two consecutive profiles, 
at station NCS in Ja91 for example) or extrapolated (at sta- 
tion NC2 in S90) through a bilinear procedure. These error 
sources will be discussed. The CTD data along the whole 
section are drawn from the NOAA STACS Cruise Reports 
34-38 (courtesy of R.L. Molinari). 
~ 
The mass (lo6 m3/s or Sverdrups) fluxes across the section 
have been computed using the following integral 
cz2 JzT [Ax.Ün].dz, , 
where dz, Ax and Ün indicate respectively the vertical 
increment positive upward, the distance between two 
consecutive Pegasus stations and the mean velocity com- 
ponent (positive northwestward) normal to each elementa- 
ry surface delimited by two consecutive stations. The tem- 
perature (PetaWatts) and salt (106 kg/s Ór thousand*tons/s 
hereinafter Tt/s) transports have been evaluated through 
the following integrals: 
and 
[Ax.Cp.p.S.U,].dz 
Caractéristiques des stations Pegasus. 
3 4 5 6 I 8 16 STATIONS 2 
6" 06' N 6" 13' N 6" 41' N 7' 06' N 7'31" . S047" IO"00"  Position 5" 49' N 
51" 14'W 51" 16' W 51"WW 50" 40' W 50" 20'W 49O 57' w 49" 31' W 49O 02' w 
Date of February 1990 February 1990 September 1989 September 1989 September 1989 September 1989 September 1990 February 1990 
deployment 
Transponders 12.5 
frequencies and 
OW 12.0 
Depth (4 1107 
of the 
transponders 
Lenth (m) of 
the baseline (BL) 
11.5 12.5 12.0 12.5 12.5 12.0 12.5 
and and and and and and and 
12.5 11.5 11.5 12.0 11.5 12.5 12.0 
2497 2993 3789 4117 4235 4574 4852 
and and and i d  and and and and 
1185 2479 2993 3736 4110 4235 4571 4852 
1097 2768 3357 3645 4247 3927 4242 4340 
Orientation (0') 
of the baseline - 130 51 - 124 - 140 - 137 - 136 90 91 
WESTERN BOUNDARY CURRENTS OFF FRENCH GUlANA . 
where 0, S, p and C, respectively indicate the potential 
temperature (in Kelvins) and salinity computed from two 
consecutive stations, the density and the specific heat 
capacity (4 190 J.kg-'.K-'). 
The flux errors are computed from the previous integrals, 
using both the temperature (ST = 0.02OC) and the salinity 
(SS = 0.02) CTD inaccuracy values. For the temperature 
flux for example the error is computed as follows: 
- - 
C, jzy [fi .GLJn+ p.Un.60 + B.U,.Sp].Ax.dz 
Despite the strong correlation between the mass, tempera- 
ture and salt fluxes (the section is open so the mass flux is 
not balanced), they nevertheless provide information on 
the relative importance of the different water masses which 
are present in the area. 
Figure 2 
Vertiral sertions of thc Pegasus 
u1ong.shor e (AL: li$ p r i c k )  and 
across-shore (AC: right pailelsl 
rmIpoiieiIrs of the ~vlocity of rhe 
czirrmt icrrds) rilong rhe "Ca) en- 
rie'' line i i i :  a )  September I990 
(S90j;  hl Jarludry 1991 (Ja911: 
and e) h i e  1991 (JrtYlJ.  
Sections verticales des compo- 
santes paralltle (AL : A gauche) et 
perpendiculaire (AC : B droite) de 
la vitesse du courant (cmls) 
dtduites des profils Pegusiis effec- 
tuCs en: a) septembre 1990 (S90) ; 
h)  janvier 1991 (Ja91) ; et c )  juin 
(Ju91) le long de la radiale 
&~yeiine>.. 
RESULTS 
The vertical sections described in this paper show the 
alongshore (AL) and across-shore (AC) velocity compo- 
nents of the currents drawn from the Pcyaszis profiles. AL 
and AC are respectively positive towards the 300" and 30" 
directions. 
North Brazil Current 
In Ja91, representative month of rhe boreal winter 
season (Fig. 2 b and 3 b), the coastal current is strong 
(120 t 1 1 cmls)  posirive (riorîl i~cstward),  trapped 
AL (cm/s) ; September 1990 AC (cmls) ; September 1990 
distance (kms) 
AL (cm/s) : ianuarv 1991 
distance (!uns) 
AL (cm/s) ; june 1991 
distance (kms) 
AC (cm/s) ; january 1991 
distance (kms) 
AC (cm/s) ; june I991 
distance (kms) distance (kms) 
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A 
Surface Pegasus current vector (cin/sJ referenced to die north along the “Cayenne” line in September I990 (a), January 1991 (b) and June I991 (c). The 
dashed vectors superimposed on the (a) and (b)figures respectively iìidicate the velociv values obtained in September 1989 and F e b m i y  1990. 
Distributions horizontales du vecteur courant en surface (cds)  déduites des profds Pegasus effectués en septembre 1990 (a), janvier 1991 (b) et juin 1991 (c) le 
long de la radiale (( Cayenne )>. En surimpression (vecteurs en pointillés) ont été reportés sur les figures (a) et (b) les vecteurs courant obtenus respectivement en 
septembre 1989 et février 1990. 
against the coast (within 250 km of the shelf break), confi- 
ned in the first 50 metres on the. shelf (figure not shown 
here) and 250 metres offshore. Seaward of the coastal cur- 
rent, a negative flow (southeastward) is observed with 
lower speed (- 20 5 3 c d s ) .  Between these two opposite 
flows, the across-shore current is directed towards the 
coast with a maximum speed of - 40 t- 4 c d s  at station 
NC7. This period corresponds to the “cold’ (Sea Surface 
Temperature down to 27.1’C) and “fresh” (Sea Surface 
Salinity < 31) seasons over the continental shelf of French 
Guiana (Fig. 4 a). Offshore, the waters are warmer (up to 
27.8’C) and the salinity is higher (more than 36). This cur- 
rent pattem shows a feeding of the coastal current by off- 
shore waters as clearly indicated by the presence of warm 
and saline.waters along the shelf. 
In S90, representative month of the summer season (Fig. 2 a 
and 3 a), the current system is now displaced eastward with 
a higher current intensity (150 k 10 c d s )  observed. This 
difference of speed does not appear in the AL component 
which is weaker (100 rt 8 c d s )  near the shelf break but 
in the AC one, which is now positive and much higher 
(120 & 10 c d s )  than in winter. This pattem corresponds to 
the NBC retroflection period as observed earlier in different 
current data sets. On the shelf, the Amazon fresh waters are 
found south and seaward of Cayenne; they are associated 
with a tongue of low salinity value (32), high temperature 
(more than 28.3’C) and eastward flows (Fig. 4 b). 
Between these two current patterns described in January 
1991 and September 1990, two transition periods are 
observed. The first, in June-July (Fig. 2 c and 3 c), corres- 
ponds to weaker AL and AC values: AL is positive (20 & 
3 c d s )  along the shelf break and decreases offshore while 
extending as far as station N16 in a very thin (less than 
100 m) surface layer; AC on the contrary presents opposite 
values: 10 k 2 cm/s (- 10 to - 20 rt 3 c d s )  to the southwest 
(northeast) of station NC7 where a thermal’front (SST dif- 
ference of 0.5’) is observed there (figure not shown). The 
second transition period occurs in December-January: the 
drifter deployed at 6’30N-50’30W at the end of October 
1990 (courtesy of W. Brown) is motionless during the first 
fifteen Julian days, and then describes loops in the clock- 
wise sense while moving northwestward. The mean speed, 
radius and period of the first loop are respectively: 
94 c d s ,  105 km and 8 days (this period is far from the 
3.73-day inertial period at 8’N); after that the periods 
(radius) increase (decrease) two and half months later (end 
of December and beginning of January), the mean speed is 
reduced to 11 c d s  and the trajectory becomes almost 
linear. At the end of Ja91, the velocity again increases up 
to 34 cm/s which corresponds to the onset of another 
boreal winter situation (Fig. 5).  
Year-to-year comparison 
Comparison between Pegasus measurements carried out at 
the surface first in F90 and Ja91, then in S89 and S90 
reveals qualitative similarities (Fig. 2 a, 2 b and 6) but 
quantitative differences: in winter, the mean AL, current 
velocity component is higher in Ja91 (137 2 12 c d s )  than 
in F90 (94 t- 9 c d s ) ,  in agreement with the Northeast 
pseudo surface wind stress mean anomalies observed at 
these times (Servain, 1990 and 1991); in summer and off- 
shore, the Ac current velocity component is higher in S90 
(148 rt 10 c d s )  than in SS9 (98 k 7 c d s ) ,  although the 
148 
Temperature (“C) Figure 4 
Te,q?rature (“e) and salinity sur- 
face distributions in March 1590 
(a) and October 1550 (b)  off Fren- 
ch Guiana. “in” indicates the sali- 
& y  minimum associated with the 
coastal current retroflection. 
Distributions de la température 
(OC) et de la salinité en surface en 
mars 1990 (a) et octobre 1990 (b) 
au large de la Guyane française. 
i( m n indique la position du mini- 
mum de salinité associé à la rétro- 
flexion du courant côtier. 
12’N 
11 
70 
9 
8 
7 
6 
. -1 
Salinity I 
Figure 5 
Drijìer trajectoq* off French Guia- 
na front October 1990 to Februafy 
1991 (courtesy of 11.’. B r o n n ) .  
Circles are spaced at intervals of 
one day  along the trajectory 
(values in Jiilian days). 
Trajectoire de la bouée dérivante 
déployée au large de la Guyane 
française d‘octobre 1990 ?i février 
1991 (communication personnelle 
de W. Brown). Chaque cercle 
indique la position quotidienne 
moyenne de la bouée le long de sa 
trajectoire (les valeurs sont en 
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Table 2 
Mass (in Sverdrups), temperature (IO15Warrs) aiid salt ( I @  t/s)Juxes with the corresponding errors for  the NBC, LVBUC and the DWBC across the Pegasus 
section off Cayenne, in September 1990, Januaig I991 aid Julie 1991. 
Flux de masse (en Sverdrups), de température (1015Watts) et de sel (IO3 Us) et erreurs associ6es, 5 travers la section Pegasus située au lage de Calrenne, 
pour le CNB, le CCBO et le CPBO en septembre 1990, janvier 1991 et juin 1991. 
~ 
JUNE 1991 SEPT. 1990 / SEPT. 1989 JAN. 1991 /FEB. 1990 
~~~~~~ 
Flux (Sv) 55 F3 81 lt4 15 fi 13 &i 5 50.2 
Temp. (PW) 66.41 5 8.59 91.27 14 18.60&1.76 1 1.42 k0.96 7.12*0.98 
NBC 
-5 51 -3 39.4 -19 52 Flux (SV) - - 
Temp. (PW) - -21.70 51.75 - -6.30 k1.89 -3.54 50.6 WEUC 
Flux (SU) -7 f l  -59 M -33 f 3  -15 kl -36 ktg 
Temps (PW) - 1 1.86 51.46 -72.90 S -39.07 S.14 -17.78 22.15 -47.12 f3.89 DWBC 
veering of the NBC is more accentuated in S89 than in S90 
(Fig. 3 a). S90 to Ja91 corresponds to an intense surface 
circulation period. These differences could be partially due 
to the propagation of the very energetic 40-60-day period 
eddies present there and which mainly influence the mean 
currents all over the water column (Johns et al., 1990; 
Colin et al., 1991 c and 1992 b). 
Massfzux 
The mean NBC mass flux (34 k 9 Sv) deduced from the 
five sections is positive (northwestward), maximum in 
summer (68 & 7 Sv) and minimum in winter (14 f 2 Sv). 
Comparing the three S90, Ja91 and Jug1 NBC mass 
fluxes (Tab. 2 ), the flux is maximum (55 k 3 Sv) in S90 
due to both the increase of the velocity and the spatial 
extension (until station NC7 and down to 1 O00 m depth 
offshore) of the NBC. In Ja91, the flux is smaller 
(15 3. 1 Sv) due now to a heavy trapping of the NBC 
against both the slope (to the southwest of station NC5) 
and the surface (down to 250 m depth). The minimum 
appears in Jug1 (5 f 0.2 Sv) although the surface current 
is positive everywhere but weak and much confined to 
the surface (only down to 150 m depth); this situation 
corresponds, as mentioned earlier, to the first transition 
period. The mean transport obtained by Schott et al. 
(1993) from three moored stations at the western end of 
the equator in the Atlantic, along 44OW, is 23.8 f 3 Sv 
over one year in the range 0-300 m with the maximum 
observed from June to September and the minimum in 
northern spring. 
The year-to-year NBC mass fluxes comparison (F90 with 
Ja91 and S89 with S90) shows similar values in Ja91 
(15 f 1 Sv) and F90 (13 -+ 1 Sv) but main differences bet- 
ween S89 (81 3. 4 Sv) and S90 (55 & 3 Sv) despite the pre- 
sence of a southeastward current close to the shelf break at 
the surface in 1989. These values are only instantaneous 
indicators and reveal the complexity of inferring an inter- 
annual variability for the mass flux in an area where a 
strong recirculation is present. 
\ 
Western Boundary Undercurrent 
bztsa-aimual variability 
The current sections off French Guiana exhibit the presence 
of a coastal equatorward undercurrent (hereinafter referred 
to as Westem Boundary UnderCurrent).YThe S90, Ja91 and 
Jug1 current vertical sections and profiles (Fig. 2 and 6) 
show, in Ja91, a current, trapped (within 100 km) against the 
continental slope, associated with a velocity of - 23 rtr 3 c d s  
at 330 m depth and a depth extension down to 750 m 
depth; in Jug1 the current is wider (more than 200 km off 
the shelf break) with a larger vertical extension (down to 
more than 1 O00 m depth) and speed (- 29 2 2 c d s  at 730 
m depth). The WBUC is absent in S90;at the latitude of 
Cayenne but present north of French Guiana (8'30 N) 
both in the Pegasus (- 10 -+ 2 cm/s between 100 and 600 m 
depth, courtesy of K. Leaman) and mooring data (Johns et 
al., 1990). The signature of a such subsurface southeast- 
ward flow also appears in February 1990, in a NOE tem- 
perature AC section located off Cayenne (Fig. 7), which 
clearly indicates a deepening of the isotherms towards the 
coast in that depth range. Molinari and Johns (1992) sug- 
gest, from climatological salinity distributions, a Carib- 
bean Sea origin for this undercurrent. The Community 
Model Effort (CME) simulations of the monthly mean 
zonal and meridional components of the currents along 
53"W also show the presence of a southeastward flow 
at the same months and level (F.A. Schott, personal 
communication). 
Year-to-year coinpasison 
The current measurements from 1989 to 1991 exhibit time 
and space variabilities at that level: vertical extension and 
intensity of the WBUC are respectively weaker and higher 
in F90 (- 33 & 3 c d s )  than in Ja91 (Fig. 6). Further current 
measurements are obviously needed at that level in order 
better to describe the variability of the WBUC at that time 
scale. 
- 
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Figure 6 
.4[ongshore (AL in c d s )  Pegasus 
,terrical profiles componellt 
(0-3 O00 in) at stations NC2 to 
'VC5 in  January 1991 ( le f t ) ,  
June 1991 (middle) and September 
1990 (r ight )  at the top and in  
February 1990 (left)  and Seprein- 
ber 1989 (right) at the bottom 
profils verticaux Pegasus 
(0-3 O00 m) de la composante de 
la vitesse du courant parallèle B la 
c6te (AL en cmls) obtenus aux 
stations NC2 B NC5 en janvier 
1991 (gauche), juin 1991 (centre) 
e t  septemhre 1990 (droite) en 
haut et en tevrter 1990 (gauchej 
et septembre 1989 (droite) en bas. 
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Table 3 
brregrated I I I ~ S S  (IMF ill Sverdrups), te~nperuticre (ITF; IO~~lVans) und salt (ISF; 10-1 t/sj fliixcs with the cunurluted errors in September 1990, Jallualy 
1991 and June 1991 with the ~nerin. The cva1iration.s concern the scctinn XC2-Nl6 and 0-3 000 I I I  dtptlt. The 0-5 000 I R  IMF, ITF and ISF cotnPured in 
Janiia~y 1991 and June 1991 are bLht  een puieiithe.ses. 
Flux int6grés de masse (IMF en SI erdrups), de température (ITF en IOl~Watts) et de sel (ISF en 103 Us) et erreurs cumulées associbes, en septelnbre 1990, 
?-NI6 entre O et 1 O00 m de prnfnndeur. Les janrier 1991 et juin 1991, ainsi qu'en moyenne sur les trois périodes. Les hahations cnncement la section NC- 
IhlF, ITF et ISF calculés pour janvier 1991 et juin 1991 entre O et 5 O00 m sont indiques entre parenthèse<. 
hlEAN SEPT. 1990 JAN. 1991 JUNE 1991 
IhlF (Sv) 1.88 i19.20 
-13.29 f17.01 
(-0.72 219.77) 
-3,79 310.14 
(-9.96 i11.861 -5.07 M6.38 
-5.51 f72.89 
-15.62 f26.49 -3.99 216.32 
ITF (PW) 3.09 i30.08 (-0.37 i3o.m) (-11.42 519.19) 
-177.75 ~ 2 7 . 7 3  
-477.e 4_1593.(12 - 1  29.64 kY8X.63 
IS F (Tus 1 74.72 fl8J5.JX (-1 9.12 i18.12.33 (-355.31 il164.72) 
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Mass flux 
The WBUC mass fluxes computed for the S90, Ja91 and 
Jug1 sections (Tab. 2) lead to a maximum value in Jug1 
(- 19 k 2 Sv from 130 down to 1 100 m depth and to 
the southwest of station NC6) and a minimum one in Ja91 
(- 5 f 1 Sv from 150 down to 600 m depth and to the south- 
west of station NC5). The comparison between the two 
winter sections shows an absolute velocity maximum 
higher in F90 than in Ja91, but a WBUC mass flux stron- 
ger in Ja91 than in F90 (- 3 2 0.4 Sv), due to a higher verti- 
cal extension of the WBUC in Ja91. The moored current 
measurements obtained by Schott et al. (1993) in the equa- 
torial band along 44"W give, on the contrary, a mean nor- 
thwestward transport of 6.7 Sv in the range 300-600 m, 
indicating in winter-spring the retroflection of the deeper 
part of the NBC between the equator and 5"N as observed 
in December 1982 by Flagg et al. (1986). 
Deep Western Boundary Current 
Intra-annual variability 
The Deep Western Boundary Current has first been infer- 
red at 26'30 N from geostrophy and tracer distribution 
(Fine and Molinari, 1988) and then observed from moored 
current measurements (Lee et al., 1990). Off French Guia- 
na, on the three S90, Ja91 and Jug1 current vertical sec- 
tions and profiles (Fig. 2 and 6), the DWBC is trapped 
against the continental shelf break within a distance avera- 
ging less than 100 km and located in the depth layer 
1 200-3 O00 m. This southeastward flow is moreover asso- 
ciated with the high salinity values (34.9-35.00) of the 
upper part of the North Atlantic Deep Water. The maxi- 
mum velocity (- 50 & 3 cmfs) is observed in June (199 1) in the 
depth range 1 700-1 900 m and the minimum (- 23 f 2 cmfs) 
in September (1990), slightly deeper (1 900-2 O00 m); this 
minimum is related to both the deep extension and the 
velocity increase of the NBC at that time. Seaward of the 
DWBC, a sequence of northwestward and southeastward 
flows emphasizes the presence of a strong horizontal recir- 
culation at that level. Richardson et al. (1993 a)  observed 
from neutrally buoyant SOFAR floats tracked at 1 800 m 
depth for 21 months, the presence of a swift (> - 50 c d s ) ,  
narrow (100 km wide) DWBC extending from 7"N to the 
equator. Schott et al. (1993) also observed, now from 
moored current measurements over two yearlong deploy- 
ments at the equator and at 44"W, a current core with 
maximum annual southeastward speed of - 30 cmfs along 
the slope and in the range 1 400-3 100 m. It is noteworthy 
that the horizontal current distribution simulated at 
2 125 m by the Community Modelling Effort numerical 
model (courtesy of F.A. Schott) shows, in spring and fall, 
a DWBC trapped against the shelf break at the latitude 
of Cayenne. 
Year-to-year comparison 
The vertical Pegasus profiles obtained in winter (F90 and 
Ja91) and summer (S89 and S90) exhibit quantitative diffe- 
rences : in winter (Fig. 6), the DWBC is faster (- 33 & 2 c d s )  
and wider in 1991 than in 1990 (: 23 f 2 c d s ) ;  in sum- 
mer, the DWBC is slower (maximum speed - 23 & 2 c d s )  
and narrower (seaward limit between stations NC4 and 
NC5) in 1990 than in 1989 (respectively - 92 k 6 c d s  
and to the west of station NC5). This large southeast- 
ward flow along the slope in S89 is also associated 
offshore with important northwestward flows (respecti- 
vely 26 f 3 cm/s and 21 & 3 cm/s a t  stations NC6 
and NC7), suggesting at that time and at that level a 
strong horizontal recirculation. There are no reasons to 
suspect, from the data available, the high velocity values 
observed in SS9 at that level : they might be due for a 
part to a superimposition of a southeastward flow, 
as s oci a t e d w i t li t li e ant icy c lo nic 4 O - 60- day peri od 
eddy propagation, on the mean currents (Johns et  
al., 1990). 
Ø 
II 
July 1989 
, . Temperature I , ,  , I ,  I . ,  ( O C )  Flom 
250 303 350 
Figure 7 
Temperature ("C) vertical section (0-1 O00 ni) off French Guiana in February 
1990 and July 1989, starting at a distance of 90 iGm offthe coast. 
Coupe verticale (0-1 O00 m) de la température ("C) au large de la Guyane fran- 
çaise en f6vner 1990 et juillet 1989, i partird'une distance de 90 km de la côte. 
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n e  mean DiWC mass flux computed over all the vertical 
sections down to 3 000 m depth is - 30 _+ 14 Sv. Considering 
the three S90, Ja91 and Jug1 periods, the DWBC mass 
f lues  indicate a large intra-seasonal variability: maximum 
in Ja91 and Jug1 (respectively - 33 1- 3 Sv and - 36 1- 3 Sv) 
and minimum in S90 [- 7 k 1 Sv (Tab. 91. The weakness of 
the DWBC flux in S90 is due to the very deep extension of 
the surface northwestward flow, trapped against the conti- 
nental slope at that time. The year-to-year comparison indi- 
cates smaller fluxes in F90 (- 15 4 1 Sv) and S90 than in 
Ja91 and S89 (- 59 rf: 6 Sv); the summer mean (- 33 k 7 Sv) 
is larger than the winter one (- 24 _+ 3 Sv) due to the v.eight 
of the S89 DW3C value. These values have to be compared 
to the mean following ones: 22 Sv (8"N, 52"W) obtained by 
Johns et al. (1 993) from a yearlong deep mooring in t h  
range 2 500 m-bottom, 15 SV (between 7"N and the equa- 
tor) by Richardson er al. (1993) from SOFAR floats displa- 
cements in the range 900-3 O00 m and 23 Sv (equator, 
@OW) by Schott er al. (1993) from three moored stations in 
the range 1 400-4 300 m (mean depth of the 1 .S"C isotherm). 
t 
I 
Cayenne, at a similar distance from the coast (station NC7) 
and below 3 500 m depth, the AL Pegasris velocity 
components (Fig. 8) ;ire weak and erratic: southeastward 
(- 3.5 _+ 1 cm/s) in Ju91 but northwestward in Ja91 
(3 k 1 c d s )  and S89 (9.5 k 2 cm/s); all the AC vertical 
profiles however exhibit at these locations and levels the 
permanence (Fig. 2, right panels) of a positive (northeast- 
ward) component; the absolute maximum (1 2 cm/s) is 
observed in Jug1 at 4 O00 m depth, The deeper part of this 
flow (Fig. 8), up to station NC8, follows the bottom topo- 
graphy. In any case, the Pegasus profiles off Cayenne 
never exhibited as clearly as on the moored current records 
obtained further north by Johns et al. (1993) at the base of 
the slope a southeastward velocity (- 35 c d s  core speed, 
60 km width) in the depth band 3 700-4 500 m. Seaward, 
below 4 650 m and at station N16, AL is now positive 
(7 1- 2 siids) both in ,590 and Ja91 (Fig. ?) while AC is 
permanently negative indicating there the presence of 
a northwestward Very deep Flow; this bottom flow is 
associated with the IOW (lower than 34.90) AntArctic Deep 
Water salinity minimum (Fig. 9). 
Mean Currents and associated Standard Deviations 
Very deep flow 
The presence of a bottom-intensified southeastward 
current has been reported off the southern Bahamas and 
Barbuda at many STACS cruises (R.L. hlolinari, personal 
communication) and is identified as the Lower North 
Atlantic Deep Water core: this current also appears in the 
one-year record duration of the mooring current measure- 
ments, north of French Guiana, at 3 830 m (- 20 * 12 c d s )  
and 4 340 ni (- 25 rf: I3 c d s )  depths ivith lar, oer mean 
values in winter than in summer (Johns E t  al., 1990). Off 
AL icm'sl 
station: NC7 
.w 
' ' . Î x '  . i i ' ' ! S ' '  
Figure 8 
The mean AL and AC current velocity components and res- 
pective standard deviations have only been computed over 
the three S90, Ja91 and Jug1 complete sections (Fig. 10). 
The mean AL vertical section clearly exhibits the presence 
of the two main currents to the southwest of station NC5: 
the NBC with a mean intensity of SO cm/s trapped along the 
shelf break and associated with a mean standard deviation of 
35 cmfs, and the DWBC with a mean velocity core of 
- 25 c d s  centered in the depth band 1 300-2 200 in and 
associated with a mean standard deviation of 5 cids. The 
A/ongsIirwe (AL] Pegasus ivnicrrl (2  000-5 O00 m) profiles c o t i ~ p c ~ t ~ t ~ t  (c ds)  of the arrrenr relocity ut srarioii AC7 (1c : f r j  amì sfation NI6 (riglitj in Seprem- 
bcr 1990 (full liiw), .Iutmiiy 1991 (dushed line) aid June 1951 (li,$tt dotted litte). nie Sepreiiiber 1989 prc!file llns l w t z  sirpoingosed ( h r w y  dortcd lifie) af 
sftition AfCZ 
Profils verticaux f ' c g t ~ ~ . ~  (2 O(l0-5 cl00 in) de la cnmpnsante ( c d s )  de la vitesse du courant parallèle i la cóte (ALI ohtenus aus stations NC7 (gauche) et 
N l h  (droite) en septembre 1990 (continu), jansier 1991 (tiret&) et juin 1991 (pointillis). Le profil xrtical ohtenu en septembre 1989 (continu p s j  9 Ia sta- 
tim NC7 a rti superposi. 
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Salinity (STACS, january 1991) 
NC2 NC3 NC4 NC5 NC? NCB N16 
-1c 
50 100 150 200 250 300 350 O 
distance (kms) 
I 
WBUC does not appear on this figure, but the associated 
standard deviation is high (up to 20 c d s )  at that level. At 
the DWBC level, AL is positive between stations NC5 and 
NC7 and negative again beyond NC7, suggesting there a 
strong recirculation. The mean AC component is positive and 
weak everywhere except at the surface between stations NC4 
and NC7, where a maximum value (35 c d s )  is observed, 
centred at station NC5; the associated standard deviation is 
large and a value of up to 45 c d s  is obtained at station NC7. 
The mean NBC and DWBC mass fluxes, computed over 
these three complete sections, are not in balance respecti- 
vely (25 f 4 Sv and - 33 f 9 Sv), indicating the importance 
of the DWBC and the associated NADW (upper part) in 
the coastal oceanic circulation at the latitude of Cayenne. 
INTEGRATED FLUXES 
Two Integrated Fluxes (Tab. 3) have been computed across 
the whole section (NC2 to N16): the first from the surface 
down to 3 O00 m depth, and the second (in Ja91 and Jug1 
only) from the surface down to the bottom (values’are bet- 
ween parenthesis in that case). 
Mass flux 
The Integrated Mass Flux (IMF) in S90, Ja91 and Jug1 are, 
with the cumulated errors, respectively to: 1.9 -t 19.2 Sv, 
- 13.3 rt 17.0 Sv (- 0.7 k 19.8 Sv) and - 3.8 -t 10.1 Sv 
(- 9.9 -t 11.9 Sv), indicating the presence of a clear seaso- 
Figure 9 
Salinity verfical section along the 
“Cayeiiiie” line iiz Jaizuoiy 1991. 
Coupe verticale de ia salinité le 
long de la radiale << Cayenne D en 
janvier 1991. 
400 450 500 
na1 cycle off French Guiana. The differences observed 
between the mass fluxes computed for& two layers: sur- 
face-3 O00 m and surface-bottom, indicate that in  
Ja91 (Ju91) the transport evaluation is influenced by the 
offshore northwestward (southeastward) flow (Fig. 2) 
observed at station NI6 (base of the slope). The mean 
IMF (0-3 O00 m) is weak but negative (- 5.1 k 46.4 Sv), 
showing the importance of the southeastward flows 
(WBUC and DWBC) in the area. If the computation in the 
layer 0-3 O00 m is now limited to the horizontal extension 
of the DWBC (within 100 km of the shelf break), 
the mean IMF is still of the same order of magnitude 
(- 5 k 8 Sv) which is much less than the mean value obtai- 
ned by Lee et al. (1990) at 26’30 N (-30 Sv down to 
4 800 m depth) from mean moored current measurements. 
This difference does not concem the mean DWBC trans- 
port (- 33Sv in Lee’s case and - 30 -t 14 Sv in our case 
despite different upper and lower integration limits: res- 
pectively, 800 m-bottom and 1 000-3 O00 m) but mainly 
the upper layer transports: 3Sv in Lee’s (above 800 m) 
and 25 rt 9 Sv (0-1 O00 m in mean) in our case. If the 
comparison is extended further south to the moored cur- 
rent measurements carried out at 44”W in the equatorial 
band (Schott et al., 1993), a mean IMF of 15 Sv (compu- 
ted over two consecutive yearlong deployments) is obtai- 
ned, shared out in 31 Sv from the surface down to 600 m 
depth and only - 16 Sv in the range 1 400-3 100 m depth. 
In conclusion, the data indicate a substantial decrease 
of the NBC (DWBC) mass flux, particularly north (south) 
of Cayenne. 
/ 
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Figure 10 
\'errital scc~ic~ns of rlie average 
pegasus olongsliore (AL: top 
panels)  ar7d average Pegasus 
across-shore (AC: bottom panels) 
,&ciì+j con~po~~enrs of rlze ciirrent 
(ends) (lefr panels) arid respective 
standard deriafions (right panels). 
The averages and standard devia- 
rions are coiiipured froin rhe Sep- 
reinber 1990. January 1991 and 
Jiine 1991 periods. 
Sections verticales de la compo- 
sante parall& i la ccite moyenne 
(,a en haut) et de la composante 
perpendiculaire i la ccite moyenne 
(AC: i droite) de Ia vitesse du cou- 
rant (cm/s) ti gauche) et des écart- 
types associes (i droite). Les 
moyennes et écart-types sont cal- 
culés i partir des profils Pcpasits 
effectués en septembre 1990, jan- 
vier 1991 et juin 1991. 
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Temperature flux Interpolation and extrapolation errors 
The htegrated Temperature Flux (ITF), computed in the 
same manner as the IMF, is positive in September and 
negative in January and June 199 1 : respectively, 
3.1 f 30.1 PW in S90, - 15.6 f 26.5 P W  (- 0.5 k 30.3 PW) 
in Ja91 and - 3.0 4 16.3 PW (- 11.4 4 19.2 PWJ in Ju91. 
The mean ITF is - 5.2 4 73 PW and of the same sign as the 
IMF one. 
Salt flux 
The Integrated Salt Fluxes (ISF) amount respectively to 
74 4 1 835 Tt/s in S90, - 475 2 I 594 Tt/s (- 19 -t 1 832 
Tus) in Ja91 and - 130 4 959 Tt/s (- 355 4 1 165 Tus) 
in Ju91. The mean ISF is large and also negative 
(- 175 k 3 428 Tus), indicating a southeastward salt trans- 
port tendency, mainly due to the DW3C and the associa- 
ted NADW salinity maximum. 
DISCUS STON 
Considering the bottom topography and the velocity values 
observed at that level, neglect of the transports in the bot- 
tom triangles between stations pairs leads to an underesti- 
mentation of these transports. However, as there are no 
observed intensified currents or strong velocity gradients 
at the bottom of the slope off French Guiana, the errors 
committed must remain small and in all cases less than the 
4 3 Sv found by Johns et al. (1993) in the presence o f  a 
very deep swift flow. The errors due now of taking 
account of station NC2 in September 1990 is assumed at 
the maximum to be equal to the transport value between 
NC2 and NC3. The sum of all the errors would yield to the 
following values: for the NBC to 410 Sv in September 
1990 (extrapolation to station NC2), for the DWBC (3 000 
m-bottom) to 4 3Sv in S90, 4 6Sv in Ja91 and f 12Sv in 
Ju91. The error values rarely exceed 30 5% of the indivi- 
dual transport ones, while the errors due to the measure- 
ments and the numerical processing do not exceed 20 % of 
the observed values. 
The error values mentioned above do not include those 
which are related first to both the interpolation and extra- 
polation procedures and secondly to the temporal and spa- 
tia1 variabilities linked to the propagation of eddies. 
Eddy propagation 
The uncertainty in the temporal and spatial resolutions of 
the tronsports is more difficult to determine, due to the 
- 
155 
1 
C. COLIN, B. BOURLÈS - -  
weak number of available sections. However an estimation 
of this contribution can be made considering moored cur- 
rent meter records (twenty months) obtained in the vicinity 
of the NC3 Pegasus station from March 1990 to September 
1991 at 275,500 and 2 700 m depths (Colin, personal com- 
munication). Multiplying the mean turbulent velocity due 
to eddies (deduced from the turbulent kinetic energy values 
obtained at the three levels above respectively 400, 200 
and 40 cm2/s2) by the mean vertical and horizontal exten- 
sions of the main currents (respectively 200 m and 250 km 
for the NBC, for example), yields to maximum eddy trans- 
port values of 2.5 Sv for the NBC, 0.5 Sv for the WBUC 
and 0.4 Sv for the DWBC. These values are of the same 
order of magnitude as those obtained from other colleagues 
in the same area, either from moored current measure- 
ments: 1 Sv by Johns et al. (1993) in the range 0-200 m, 
2 Sv by Schott et al. (1993) in the range 0-500 m, or from 
SOFAR floats displacements: 2.7 Sv in mean by Richard- 
son et al. (1993 b) in the range 0-1 O00 m. 
SUMMARY AND CONCLUSIONS 
Pegasus current profiles carried out off Cayenne during the 
STACS cruises from September 1989 to June 1991 provide 
some information concerning the circulation and its varia- 
bility along the part of the northwestem equatorial Atlantic 
Ocean boundary located off Cayenne. At the surface, the 
strong seasonal variability of the North Brazil Current has 
been confirmed. In winter the FBC is trapped along the 
coast, confined in the upper 250 metres with a velocity 
value of around 120 cm/s. In summer, the NBC moves and 
veers offshore through an anticyclonic gyre; at that time 
the NBC velocity increases (up to 150 c d s )  as the lower 
limit of the current (down to 1 O00 m). The mean NBC 
mass flux computed for the five sections is 34 rfr 9 Sv with 
absolute maximum and minimum respectively in Septem- 
ber 1989 (81 2 4 Sv) and June 1991 (5  rfr 0.2 Sv), Below, 
the Westem Boundary Undercurrent flows in the opposite 
direction; the absolute velocity maximum of this southeast- 
ward flow is observed in winter (- 29 cmfs in February 
1990); in summer the WBUC is absent. The mean WBUC 
mass flux computed for the winter and spring sections is 
- 9 rfr 3.4 Sv. Deeper, below I 200 m depth, the Deep Wes- 
tem Boundary Current is present, coastally trapped (within 
100 km of the shelfbreak) with a velocity core centred in 
the depth range 1 700-2 O00 m; the maximum (minimum) 
vertical extension of the DWBC appears in June 1991 
(September 1990) and is associated with a maximum 
(minimum) speed of - 50 cm/s (- 23 c d s ) .  The absolute 
maximum has been observed in September 1989 
(- 92 cnds), suggesting the presence of an interannual 
variability even at that level. The mean DWBC mass flux 
is - 30 k 14 Sv with absolute maximum and minimum res- 
pectively in September 1989 (- 59 cf: 6 Sv) and September 
1990 (- 7 rfr 1 Sv). Below 3 800 m depth, there are some 
indications at the farthest station (N16) of a northwestward 
Very Deep Row, particularly developed in September 1990 
and January 1991 and associated with the AntArctic Deep 
Water low salinity values. At all depths, the vertical sections 
indicate the presence of a strong horizontal recirculation. 
The Integrated Mass Flux computed on the whole section 
and down to 3 O00 m depth for the September 1990, 
January 1991 and June 1991 sections indicate the presence 
of a clear seasonal cycle. The mean LMF (- 5 Sv), although 
weak, is negative, reflecting the predominance of the sou- 
theastward flows off French Guiana. The mean IMF limi- 
ted to the lateral extension of the DWBC is ago negative 
and larger (- 12 Sv), enhancing the weight of the DWBC 
in the area. The Integrated Temperature Fluxes is positive 
in September 1990 (3.1 PW) but negative both in January 
1991 (- 15.6 PW) and June 1991 (- 4 PW). The mean ITF 
(- 5.5 PW) is negative as the IMF one. The mean Integra- 
ted Salt Flux is large and also negative, indicating 
the importance of the upper part of the NADW (and 
the associated high salinity values) in the thermohaline 
boundary circulation. 
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